A reduction in pulmonary anti-bacterial activity due to a preceding viral illness has been suggested as the mechanism responsible for some meningococcal infections of the lung. We investigated this proposed pathogenesis by infecting mice with airborne encephalomyocarditis virus (EMC) and then challenging them 1, 4, and 7 days later with aerosols of Neisseria meningitidis. Meningococcal clearance was assessed by comparing the numbers of bacteria present immediately after inhaling the aerosols with the numbers present 3 hr later. To insure that EMC virus adequately depressed murine defense mechanisms, we also determined staphylococcal killing rates at 4 hr by using radiophosphorus-labeled staphylococcal aerosols. Viral infection depressed murine pulmonary antimeningococcal activity at 1 and 4 days (P < 0.01) but not at 7 days. Intrapulmonary staphylococcal killing was impaired on day 4 (P < 0.01) but not on days 1 or 7. Pulmonary viral titers decreased rapidly from 107 to 103 plaque-forming units/ml of lung during the experimental period. According to these data viral disease transiently depresses resistance to meningococcal infection. This impairment in host resistance is present while the viral titer is decreasing and follows a relatively similar pattern to the transient decrease noted for staphylococci.
respiratory pathogen has recently been rediscovered (26, 27 ; J. A. Reinarz et al., Abstr. Intersci. Conf. Antimicrob. Ag. Chemother., 11th, p. 35, 1971) . It has been suggested that some of these infections were due to a preceding viral illness (6, 26, 27) . According to this hypothesis, pulmonary defense systems which ordinarily restrict the spread of N. meningitidis became impaired because of a viral infection and allowed the development of pneumonia. The present studies were designed to test this hypothesis in a murine model permitting alterations in pulmonary resistance to infection that corresponded to those which occurred in man (11, 12, 15, 18) . Mice infected with airborne encephalomyocarditis virus (EMC) were challenged 1, 4, and 7 days later with aerosolized N. meningitidis. Separate groups of viral-infected mice were simultaneously challenged with aerosols of radiophosphorus-labeled staphylococci to confirm the ability of EMC virus to depress murine defense mechanisms.
MATERIALS AND METHODS
Female NAMRU mice weighing 16 to 20 g were used in all experiments (8) . Animals were housed in plastic cages and fed mouse pellets and water ad libitum.
Microorganisms. Pools of mengovirus 37A (M-37A), an avirulent thermostable mengovirus mutant (5) of the EMC group of viruses, were prepared in L cells and assayed as previously reported (1) . N (15) .
Pulmonary bactericidal activity rates for S. aureus were also measured at 1, 4, and 7 days after viral infection by exposing groups of 10 viral-infected and 10 control mice to aerosols of radiolabeled (32p) S. aureus in an aerosol apparatus designed to produce uniform inhalation dosages of infecting bacteria (24) .
Four hours after aerosol exposure, the animals were killed with ether, and measurements of pulmonary radioactivity and bacterial concentration were performed. Radioisotope concentrations were determined by liquid scintillation counting. Pour-plate methods were used for bacterial enumeration. To establish the number of bacteria represented by 32p radioactivity, an Andersen sampler was attached to the aerosol chamber during the period of staphylococcal infection. Quantitative measurements of radioactivity and bacteria were made from a 1.0-to 2.0-/Am sampling plate.
A ratio of bacterial concentration to radioactivity was computed and designated the aerosol labeling ratio or aerosol constant (K). The mathematical expression of pulmonary bactericidal activity for an individual mouse could then be computed from the formula:
Percent bactericidal activity = (bacterial count 4 hr/32P4 hr x K) X 100 Percent bactericidal activity is the rate at which bacteria are killed within the lungs, where bacterial count 4 hr equals bacterial count at 4 hr and 32p4 hr equals radiophosphorus count at 4 hr (13) . The analysis of variance method was used to test for significance of differences.
Pulmonary viral titers were determined in separate groups of animals at each time period using a plaque assay for M-37A (3). Lung samples were obtained at 1, 4, and 7 days after the viral infection from the various treatment groups for histological examination. The entire experiment was repeated twice.
The effect on murine antibacterial defense systems of the inhalation of tissue culture media was evaluated in a control series of experiments. 1, 4, and 7 days after exposure to aerosols of tissue culture media, bacterial killing rates for N. meningilidis and for S. aureus were determined in treated and control mice.
RESULTS
Infection with M-37A caused slight mortality and morbidity. Ninety-five percent or more of infected mice survived each of the three viralinfections. In each experimental series the viral infected and control mice showed a 3 to 4 g gain in weight during the 7-day experimental period.
Pulmonary viral titers decreased rapidly from an average of 107 plaque-forming units (PFU)/ml of lung homogenate at day 1, to 103 PFU/ml of lung homogenate at day 7 . The values for the three experimental sets were combined and are presented in Table 1 . Table 2 summarizes the data for all of the meningococcal experiments at each of the time intervals studied. Meningococcal clearance rates were significantly decreased 1 and 4 days following viral infection (P < 0.01), and returned to normal at day 7. Equivalent numbers of bacteria were inhaled by infected and control mice at days 4 and 7. Fewer meningococci were inhaled by the infected mice on day 1, but the difference may not be significant (P > 0.05).
The data for the experiments in which the intrapulmonary rate of inactivation of S. aureus was determined are contained in Table 3 . The values for the numbers of viable staphylococci present per milliliter of lung homogenate at 4 hr, the corresponding pulmonary radiophosphorus concentration, the aerosol constant, and the percent bactericidal activity are shown.
Staphylococcal bactericidal activity was decreased significantly at day 4 (P < 0.01). The small differences in bactericidal activity which VOL. 6, 1972 were present on days 1 and 7 were not significant (P > 0.05). The average radioactivity is an index of the numbers of bacteria deposited in the lungs (13) . Although these concentrations tended to be less in the infected mice than the controls, the decreases were not statistically significant (P > 0.05).
Histological examination of pulmonary tissue specimens showed a mild degree of vascular hyperemia, interstitial edema and inflammation, and foci of peribronchial inflammation. Pneumonia and intra-alveolar edema were not found. (14, 17) and that inhibition of murine antibacterial activity can affect one bacterial species more than another (14, 17) . Since, in most experiments, similar numbers of bacteria were inhaled by the viral-infected and control mice, the aforementioned differences in the rate of antibacterial activity cannot be attributed to variations in ventilation or distribution of inhaled microorganisms. The presence of the defect at day four when viral titers are decreasing rapidly, suggests either an earlier interference of virus with host function and delay in the expression of this underlying abnormality, or the development of a pathological process which continues to progress during the period of decreasing viral titers.
Similar observations have been reported in other previous investigations of viral-bacterial interaction (7, 9, 10, 20, 23, 29, 30) . Infection with influenza A (7, 9, 10, 12, 20) , reovirus (23) , and pneumotropic viruses (30) have been shown to predispose to pulmonary superinfection with staphylococci (12, 10, 23, 29) Hemophilus influenzae (27) , pneumococci (29, 20) , and Mycobacterium tuberculosis (29) .
The ability of different viruses to reduce host (13, 16) . A defect in phagocytosis by the alveolar macrophage system could account for the viral-induced impairment in antibacterial activity. Previous experiments have shown that in the mouse the alveolar macrophage system is the primary defense mechanism against inhaled bacteria (16) . As, has been mentioned, viruses can interfere with phagocytic function indirectly by causing the development of edema within the lungs, and thus, prevent the macrophage from trapping suspended microorganisms, or the virus might inhibit cell function directly. Since edema and tissue damage were minimal, a cellular defect would seem to be the more significant deficit in these investigations. The relevance of these investigations to patient situations is speculative. Clinically, it is possible that an antecedant viral infection may predispose to meningococcal infection of the lung (26, 27 ). This conclusion is consistent with data indicating that viral infections lead to other kinds of bacterial penumonias (25, 28 used an indirect hemagglutination test as an indicator of recent meningococcal infection and found a relationship between infection with influenza virus and the acquisition of group C or Y meningococci. Artenstein and co-workers (4) studied a similar population of military personnel and did not find a correlation between antecedant viral infection and meningococcal meningitis. From these observations, it would appear that minor infections, but not serious meningococcal disease, may occur following certain types of viral illness. It is conceivable, however, that in the inordinately susceptible individual a viral-induced depression of resistance to meningococcal infection, such as occurred in our experiments, prevents eradication of meningococci thereby enhancing the possibility for respiratory infection.
